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Motivation for ASR

Pressure o fireshwater supplies to meet
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Technical Compenents; off ASR (MUS)

SOURCE WATER END USE
Quality Quality
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Duration Duration
Reliability Reliability
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RECHARGE Duration RECOVERY METHOD
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Land Availability Water Quality Efficient Recovery of
Aquifer Types Changes Recharge Water

Location

Flood Control
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PriRcipal methods: of aguifer recharge
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Selected Issues Considered by
the NRC Committee
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IHYdregeelogy
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a llransformations and attenuation
a \Water-rock Interaction and redox

Project development
x Moenitering
s Recovery: efficiency.
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Mixing of waters with different
fecharge methods
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Hydrogeological Issues

IS there eneugh Undergreund space te) store: the
anticipated velume ofi Water?

What IS thernature ol the: subsuriace?

How farr and how! fast wWill the: stored water
travel in the aguifier?

What method will he used to) reCoVEer the Water,
single e multiple wells?

Hoew much of the stered water Is Intended te; he
[ecoVvered?

What are the short-term and leng-ternm Impacts
of the system (e.g., Wg changes, clogging)?
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Approacnes

Prepare GlS nmaps of faveranble agquiiers
and hydregeolegical characterstics

Characternze site
Develop a site conceptual moedel
R0l for analyuical and numerical moedels

Predict leng-termi effects on the
surrounding paysical system



Presenter�
Presentation Notes�
NRC, 2008

�


Plan Formulation — “ASR Well Siting”

ASR Suitability Index

Figure 10 Coempile GIS| coverages of

source water quality,
greundwater quality, land
use, location off FAS well
USErs, ete..

Subdivide CERP!ASR Study
Area into discrete siting

POIygeNS
Developr ASR “Suitability:
Index” for each polygen

Brown, 2006
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Developing Aquifer Storage and Recovery (ASR)
Opportunities in Melbourne

Report on Broad Scale Map of
ASR Potential for Melbourne

February 2006

Prepared with the support of:

Smart Water Fund

skm @

SMART WATER ASR PROJECT
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3D Characterization
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Aduiter characternzation

Recommendation: States, counfies, and water authorities considering
MUS should consider incorporating 3-D capable geographical information sys-
tems along with existing hydrogeologic, geochemucal, cadastral, and other data
in (1) regional mapping efforts to identify areas that are, or are not, likely to be
favorable for development of varous kinds of MUS systems. and (2) project
conception, design, pilot testing, and adaptive management (Chapter 3).

SpatialFanartemporaliNmpacts

Recommendation: Momtoring and modeling should be performed to pre-
dict likely effects—positive or negative—of MUS systems on the physical system,
including inflows, storage, and outflows. Appropriate measures can and should
be taken to mimnimize negative effects during operations (Chapter 3).

Recommendation: Analyses using groundwater flow and solute transport
modeling should become a routme part of planning for, desigmng, and adap-
tively operating MUS systems. Uncertainty analysis should also be incorporated
mto prediction of a system’s short- and long-term performance, especially re-
garding the expected values of recovery efficiency and storage capacity (Chapter
3 and 4).
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Selected Issues Considered by
the NRC Committee
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Subsurface Processes

Water guality differenceswhen mixing of
[echarge Water with greundwater

PynRamic iR et space and time

s Redex reactions

s Precipitatien/bisselution

s SOPLIGN! Off Brganic compounds

s llon exchange

a Particle and micreorganism transpoert
x Microhial inactivation

» Biotransformations
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TTHM Persistence at Yakima, WA
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Removal of

THMSs

Anexic Aquifer at
the Bolivar site,
near Adelaide,
Australia
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Water guality, Consideratons

Recommendation: Additional research should be conducted to understand
potential removal processes for various contanunants and microbes and, particu-
larly, to deternune how changes in redox conditions mfluence the movement and
reactions for many inorganic and organic constituents. Specific areas of re-
search that are recommended include (1) bench-scale and pilot studies along
with geochemucal modeling to address potential changes in water quality with
variable physical water conditions (pH, oxidation potential [Eh], and dissolved
oxygen [DO]); and (2) examnation of the influence of sequential aerobic and

anaerobic conditions or alternating oxidizing and reducing conditions on the
behavior of trace organic compounds m MUS systems, especially during storage
zone conditioning (Chapter 4).

Recommendation: To minmuze formation of halogenated DBPs, alterna-
tives to chlormation should be considered for primary disinfection requirements,
such as ultraviolet, ozone, or membrane filtration (Chapter 4).
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Water guality, Consideratons

Recommendation: A thorough program of aquifer and source water sam-
pling, combined with geochemical modeling, 1s needed for any MUS system to
understand and predict 1fs medium- and long-term chenucal behavior and help
determune the safety and reliability of the system (Chapter 4).

Recommendation: Research should be conducted to evaluate the variabil-
1ty of chemucal and mucrobial constituents in urban stormwater and their behav-

1or during nfiltration and subsurface storage to establish the suitability of com-
biming MUS with stormwater runoff (Chapter 4).

Recommendation: Basic and applied research on emerging contaminants
that has begun at a national scale should be encouraged, and MUS programs will
be among the many beneficiaries of such investigations (Chapter 4).
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Selected Issues Considered by
the NRC Committee

Noemenclature
IHYdregeelogy

a [Local/regionall hydregeologic setting
s [Land-use; access

a Hyadregeoechemical setting

Water-guality, changes

s [ransiermations and attenuation
s \Water-rock Interaction and redox
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Recoveny efficiency.

St-c:-rage
Operational Recovery Efficiency

IIVAVEY

Eecharge Eecowvery

System Recovery Efficiency

Sheng| and others, 2007
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Roles for Moniterng

Establish the feasibility’ ofi the: site: by
charactenzing the ydrogeolegy and water
guality. Issues

Ohtain parameters e design and eperation

Determine the need for pre- or post-treatment: of
e water;

Comply, With regulatery reguirements
Doecument the perfermance: te buildl trust

BEeconme: preactive: fierr emerging contaminant
ISSUes

Adjust system operation (adaptive management)




Sheng and others, 2007
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Moenitering: Wihat: & Why.

Adapiive appreach

Well location(s)

s Preferential flow: patis

s Sentinel and ambient/native well?

Data assessment

s Context of flew path andf redex: conditions, durng
all' phases of recharge and recovery (e.g., ASR
versus ASTR)

x lemporaltand spatialivamranility,
s SW' heterogeneity
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Goeod MVoniterng Practice

©One: or morermonitoring wWells installed
depending en site: complexity: and size

Baselines for menitering are the' dinking Water
MCLS

E@Waters of more impaired ergin, there may
e additional centaminants el concermn in the
[echarge Water

a Pharmaceuticals and personall care products
s Endecrine disrupting compounds; (EDCs)
a [race metals anadl ether organics

Anticipate: future regulatery developments

Manage analytical costs:
x Don't go everboard (e.g., trace organics)
x Give careful thought en what will e useful
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Removal Efficiencies for
Pharmaceuticals
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Sulrogates; and Indicaters

Confilict between the need: fier complete
IRfiermation andl the Need 1o, KEEp! COSLS
[easenanle

TOC/IDOC canrsignal the presence of
Wastewater;

Group cliemicals by ComNon; Properties
and Penavior

EStanlisia prienty list ol chemicals

Micrebial indicaters remain: a challenge
s Fecal bactera widely used
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" Monitoring: What & Why &

of South Australia South Australia

South Australia EPA Code off Practice off ASR

x| seme cases the Impact off Certain’ greund water: pellutants
can e diminished ever time due to natuial precesses Within
the aguifer. Chaemical, phaysicalland micrehiological
PrOCESSES can GCCUl ter amelierate: the harm er potential
arms caused by these: poliutants. Attenuation ZeRes can
apply in’a similar Way: te; that in; WnIich mixing Zones apply. te
surface Waters. Water guality. opjectives doinot need to e

met within' the definedrattentation zone Ut Would anply
eUISIdE ihe attenuation Zene:

The ERA may grant an exemptien from Water quality crtena
for the discharge of waste nte; undergreund waters i
Moeniternal can sShew that the cencentration o pellutants IS
reduced By physiochemical anaimicrohielegical PEeCESSES.

It IS strengly: recommended that a monitering program e
designedi and interpreted by a gualifieal prefessienal
nydregeologist, with the geal ofi protecting the envirenment.
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Research recommendations

Stfface water— groundwater interaction
and ecoelegical Impacts

Hyadrelogic feasibility: (e.g., dual poresity,
nen-Darcian filew; MW placement, etc.)
Technology/methodolegy enhiancement

(e.g., stirface and horehole geepnysics,
cycle test design, conceptual moedels, etc.)
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Concluding Remarks

Improvements Inrsource water guality’ can, oceur
IR ASRISYStems

ASR! systems cani eperate for long time pernoeas

SIte-SpPECIfic PErformance NEeds 1o e
documented

5 Site characterzatien and suitability,
s Fallures have eceurred

m RISk for subsurface contamination
a Role fieor geechemicall moenitoring and modeling

ASR IS a Valuahle appreachiing conjunction with
ether water management stirategies o Satisty.
the demand for Water and cepe With Water
Scarcity.
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Regulatery: Recommendations

limpreve consistency among Federal and state programs

s UIIC addresses rechange wells; reguirements fior infiltration basins vary.
AMONQ| States

a DIversions ofi surface Weater torgroundwater might undermine MUS
systems

States should help nrdefining property: rights; for Water befere,
during, and after It Is stored undergreund

Science-hased criteria should be developed to help determine
adeguate sulsurface residence time: or travell distance of
[echarged water before withdirwal fier later use

Provide discretion: to; weighi the everall benefits oft MUS while

protecting grounadwater quality. (flexinple as oppoesed to rfhgid
antidegradation policy)
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Conclusion: Regulations are, quite properly, being developed at the state
level that will requure a certain residence tume, travel tume, or travel distance for
recharge water prior to withdrawal for subsequent use. However, regulations
based on attenuation of a single constituent or aquufer type, such as pathogen
attenuation in a homogeneous sand aquifer, may not be appropnate for a system
concerned with trace organics and metals 1n a fractured limestone, and vice
versa. Such regulations are particularly pertinent for MUS with reclaimed water.

Recommendation: Science-based criteria for residence time, travel time,
or travel distance regulations for recharge water recovery should be developed.
These criteria should consider biological, chemical, and physical characteristics
of an MUS system and should incorporate criteria for adequate momtoring. The
regulations should allow for the effects of site-specific conditions (e.g., tempera-
ture, dissolved oxygen, pH, organic matter, mineralogy) on microbial survival
time or mactivation rates and on contammant attenuation. They should also con-
sider the time needed to detect and respond to any water quality problems that
may arise (Chapter 5).
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Conclusion: Antidegradation 1s often the stated goal of water quality poli-
cies, including policies that apply to underground storage of water.  For any
MUS project—ncluding storage of potable water, stormwater, and recycled wa-
ter—it 1s important to understand how water quality differences between native
oroundwater and the stored water will be viewed by regulators, who are charged
with satisfying those regulatory mandates. In addition fo water quality factors. a
broader consideration of benefits, costs, and risks would provide a more desir-
able regulatory approach. Therefore, weighing water quality considerations
together with water supply concemns, conservation, and public health and safety
needs 1s an essential plan of action. Rigid antidegradation policies™ can impede
MUS projects by imposing costly pretreatment requirements and may have the
practical effect of prolubiting MUS, even in circumstances where the prospects
of endangering human or environmental health are remote and the benefits of
water supply augmentation are considerable.

Recommendation: State laws and regulations should provide regulatory
agencies with discretion to consider weighing the overall benefits of MUS while
resolutely protecting groundwater quality (Chapter 5).

* In Chapter 5, the term “rigid antidegradation policies” refers to prohibiting any change
whatsoever in groundwater quality, even when both the source water and the aquifer water
meet all drinking water standards. Further discussion is found in Chapter 5.
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Conclusion: The federal regulatory requirements for MUS are inconsistent
with respect to treatment of sinular projects. Federal Underground Injection
Control (UIC) regulation addresses only projects that recharge or dispose of
water directly to the subsurface through recharge wells, while infiltration pro-
jects are regulated by state governments whose regulatory standards may vary.
The appropriateness of regulation through the UIC program has been questioned

by states with active aquifer storage and recovery (ASE) regulatory programs.
Also, there are inconsistencies between the Clean Water Act and the Safe Drink-
g Water Act that impact MUS systems. For example, some jurisdictions try to
control surface water contanunation problems by diverting polluted water from
aboveground to groundwater systems. This approach may undermune MUS
programs by putting contanunants underground without appropriate controls.

Recommendation: Federal and state regulatory programs should be exam-
med with respect to the need for continued federal involvement in regulation,
the necessity of a federal baseline for regulation, and the risks presented by in-
adequate state regulation. A model state code should be drafted that would assist
states i developing comprehensive regulatory programs that reflect a seientific
approach to risk (Chapter 5).
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